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Abstract 
Subsidence associated with the construction of the 57 kilometres-long Gotthard Base Tunnel in Switzerland on the surface of the 
metamorphic rock masses has been measured with SAR interferometry. Significant movements with values ranging from 2 to 12 
mm/yr were detected with ENVISAT ASAR data between 2003 and 2010 above the tunnel on villages and sparsely vegetated 
alpine slopes, in areas where no displacement was recorded with ERS-1/2 SAR data between 1992 and 2000. The mechanism 
contributing to the large-scale surface consolidation is believed to be associated with pore-pressure reduction in the rockmass 
arising from tunnel drainage. 
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A new rail link through the Alps (NEAT, “Neue Eisenbahn-AlpenTransversale”) is under construction in 
Switzerland with base tunnels through the Gotthard and Ceneri massifs (Figure 1). The Gotthard Base Tunnel 
consists of two 57 kilometres-long single-track tubes where passenger trains will travel at maximum speeds of up to 
250 kilometres per hour. The first final breakthrough of the Gotthard Base Tunnel took place on October 15, 2010 
and the tunnel is scheduled to become operational at the end of 2016 [1]. 
Alpine tunnels in hard rocks induce small surface deformations of a few centimetres as a result of ground-water 
drainage and associated pore pressure reduction. In Switzerland, examples were reported in the cases of the driving 
of an investigation adit 1.5 km away of the Zeuzier arch dam [2], of the construction of the Gotthard highway tunnel 
[3,4], and of the construction of a headrace tunnel for a hydroelectric scheme in the Western Swiss Alps [5]. 
Although centimetric settlements appear to be small compared to those associated with ground water or oil and gas 
withdrawal from more compliant porous media, they are large enough to adversely affect the structural integrity of 
sensitive concrete structures on the surface like thin arch dams. A very demanding monitoring network was thus 
undertaken for the dams of Carnera, Nalps and S.ta Maria in the Rhine Valley that kept an eye on any ground 
deformation that may occurred during the construction of the Gotthard Base Tunnel [6]. Absolute vertical 
displacement (i.e. subsidence) profiles have been measured during annual leveling campaigns along valleys close to 
the tunnel axis as well as in hydropower drifts oriented parallel and orthogonal to the tunnel axis [7]. Even if the 
tunnel inflows to the excavation lots have been very moderate, up to 2011 the maximum amplitude of the observed 
settlements has reached 8 cm in the Valley of Nalps following the tunnel drive and it was still far from the final 
steady state value [8,9]. Moreover, contrary to expectations, on the slopes of the valleys a cyclical, natural reversible 
rock-slope  movement was recorded [10]. We applied satellite SAR interferometry to measure widespread 
subsidence associated with the construction of the Gotthard Base Tunnel on the surface of the metamorphic rock 
masses and present the observed spatial and temporal evolution of displacements. 
 




Fig. 1. Overview map of the study region with the tunnel outline (NEAT). 
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2. Data and methods 
In our analysis we considered stacks of ERS-1/2 SAR and ENVISAT ASAR images acquired  between 1992 and 
2010 along ascending and descending orbits for a better illumination of the area of interest (Table 1).  Persistent 
Scatterer Interferometry (PSI) differential SAR interferometry [11,12] was applied with data acquired only during 
the snow free period. A height dependent atmospheric path delay was considered to support phase unwrapping and 
achieve more accurate results. The topographic reference was determined from an external Digital Elevation Model 
(DEM) with a spatial resolution of 25 m and an estimated vertical accuracy of 3 m. PSI results consist of linear 
deformation rates and displacement histories in the satellite Line-Of-Sight (LOS) direction (tilted by 23° with 
respect to the zenith) over a time period of almost 20 years. Reference points were selected individually for each of 
the sensors in areas outside the tunnel drive and known landslides.  
     Table 1. Major characteristics of considered ERS-1/2 SAR and ENVISAT ASAR data. 
 Sensor Orbit Nr. images First acquisition Last acquisition 
ERS-1/2 D251 35 1992.06.23 2000.10.13  
ENVISAT D251 30 2003.06.20 2010.10.01  
ERS-1/2 A487 19 1992.07.09 2000.08.20  
ENVISAT A487 29 2003.07.06 2010.10.17 
3. Results 
In mountainous regions the number of persistent scatterers is limited by the sparse urbanization, the large forest 
cover, and areas of shadow and layover, but for both orbital geometries significant movements of up to 12 mm/yr 
were detected between 2003 and 2010 above the tunnel on villages and sparsely vegetated alpine slopes with 
ENVISAT ASAR data. On the other hand, in these areas no displacement was recorded between 1992 and 2000 with 
ERS-1/2 SAR data. Results obtained with ERS-1/2 SAR data of ascending orbit are of lower quality because of the 
reduced number of acquisitions available. Time-series of movement for selected points indicate when maximum 
displacement occurred. Between Biasca and Faido, for instance, the movement was showing an acceleration 
between 2006 and 2007 with total settlements ranging from 2 to 4 cm. Over Val Nalps our results indicate a total 
settlement of about 8 cm between 2002 and 2010. Over the village of Sedrun almost 5 cm of displacement could be 
recorded with the ENVISAT data of the descending orbit and more than 3 cm with the ENVISAT data of the 
ascending orbit, which points out that the direction of movement is not entirely vertical. Between Sedrun and 
Erstfeld a L.O.S. displacement of 2 to 3 cm was recorded between 2004 and 2010. 
4. Discussion and outlook 
Our results demonstrated that satellite SAR interferometry can be considered for wide-area mapping of surface 
subsidence in metamorphic basement alpine rocks. In spite of limitations in the spatial coverage related to vegetation 
cover at lower altitudes, snow-cover in winter and spring, and the special SAR viewing geometry (layover and 
shadow), valuable motion information could be derived over a wide area, including sectors to the south and north of 
the dams where there is no other information from other surveying techniques.  
The mechanism contributing to the large-scale surface consolidation is believed to be associated with pore-
pressure reduction in the rockmass arising from tunnel drainage [3,4]. In future work we will concentrate on the 
analysis of displacement profiles derived spatially over the tunnel outline and on investigating the correlation 
between settlement behavior and the geology and tunnel outflows.  
A clear separation of the movements induced by tunneling with that related to landslides is not possible without 
geological interpretation. We will consider interpretation of aerial photographs combined from information on 
surface displacement from ERS-1/2 SAR interferometry in order to compile an inventory of landslides with an 
indication of the state of activity [13]. 
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